Five hydrographic transects at nominal longitudes 0°E and 30°E, and fourteen expendable bathythermograph (XBT) sections near the former longitude are used to study the baroclinic transport of the Antarctic Circumpolar Current (ACC) between Africa and Antarctica. The bottom-referenced geostrophic transport between the Subtropical Front and the ACC Southern Boundary is 147±10 Sv. Estimating the transport from the XBTs using a technique previously employed south of Australia proves delicate because of an irregular bathymetry and water mass variations. It nevertheless confirms ACC transports around 150 Sv. Gathering these and other estimates from the Atlantic sector suggests that, while North Atlantic Deep Water is injected in the current west of 35°W, a partially compensating loss of Deep Circumpolar Water occurs east of this longitude. Another transport increase from 0°E to 30°E might reflect southward transfer across the Subtropical Front south of the Agulhas retroflection. 
1
The baroclinic transport of the Antarctic Circumpolar Current south of Africa 
Abstract:
Five hydrographic transects at nominal longitudes 0°E and 30°E, and fourteen expendable Water occurs east of this longitude. Another transport increase from 0°E to 30°E might reflect southward transfer across the Subtropical Front south of the Agulhas retroflection.
Introduction
Improved descriptions of the Antarctic Circumpolar Current (ACC) and estimations of its intensity are precious information for a better understanding of this current dynamics and role in the thermohaline circulation. Here we examine the ACC baroclinic transport in the region south of Africa, the least investigated of the three passages to the south of the southern hemisphere continents. We focus on the transport of the ACC proper, i.e. on the domain located between the Subtropical Front (STF) and the current Southern Boundary (SBdy; Orsi et al., 1995) , and on the contributions of the ACC fronts to the transport. We use five CTD (Conductivity-Temperature-Depth) transects at the two nominal longitudes 0°E and 30°E, and fourteen XBT (Expendable Bathythermograph) lines close to the western site. The latter are analysed for transport computations through a proxy technique previously employed by Rintoul et al. (2002) and Sokolov et al. (2004) . After determining a relation between temperature and potential energy anomaly required by this method, we present the ACC transports estimated from the CTD data and the XBTs. We discuss elements of the frontal current structure and compare the ACC transports with other estimates in the Atlantic sector.
The -T relationship.
The poleward shoaling of isopycnals and isotherms in the ACC results in a monotonously increasing relation between the temperature at a given depth and the potential energy anomaly
where is the specific volume anomaly, g the acceleration of gravity, p the pressure, and p 0 , z 0 and 0 the reference pressure, depth, and density, respectively. The zonal and meridional geostrophic volume transports per unit width, above and relative to p 0 (z 0 ), are:
Following Rintoul et al. (2002) , we compute the potential energy anomaly 2500 integrated between the surface and 2500 dbar, and we examine its relation to the temperature averaged between 600 and 700 dbar (T 650 ) that can be deduced from XBT profiles. The 2500 -T 650 relation is established from a set of five CTD transects ( (Read and Pollard, 1993) . Owing to a transfer of part of this Indian Ocean AAIW to the Atlantic (Gordon et al., 1992) , some of it may occasionally penetrate the northern ACC domain farther west. This apparently occurred at three stations of A12 whose 2500 -T 650 points are on the Indian Ocean branch of the curve (Fig.2) .
ACC transport estimates from CTD data
South of Africa, the ACC flows between the South Atlantic and South Indian subtropical domains in the north, and the eastern part of the Weddell gyre in the south. Likely constrains by these adjacent circulations, and a possible effect of the underlying topography, result in a southward shift of the ACC, from about 38°S-56°S at 0°E to 42°S-60°S at 30°E
( Fig.1) . In order to locate the ACC boundaries (and fronts) on the CTD and XBT sections, we used temperature criteria proposed by Orsi et al. (1995) , that we list in table 2: The CTD-inferred ACC limits (Table 3) were all found within 2 degrees of the estimates of Orsi et al. (1995) (Fig.1) . The width of the ACC shows some variability at 0°E (the average width is 14.8°, with a range between 13 to 15.7°). A widening of about 3 degrees predicted by the patterns of Orsi et al. (1995) between this longitude and 30°E is confirmed. The ACC transports (above and relative to 2500 dbar, and above and relative to the bottom) also given in Table 3 are averages of low-and high-side estimates provided by the stations bounding the fronts (CTD transport uncertainties in this 
XBT-inferred estimates of the ACC transport
The ACC transport uncertainty related to the 2500 -T 650 relationship was estimated by using the empirical relations with the T 650 values from the hydrographic lines, and comparing the ensuing transports with those computed through geostrophy. On average, the Tr 2500 values inferred from the 2500 -T 650 relation exceeded the geostrophic estimates by 1.3 Sv, with individual differences ranging from -3.4 Sv for A12 to 4.1 Sv for I6s, and no significant difference between the western and eastern sites. Although the slight overestimation by XBT data is within the transport error bars, we note that, because of two isolated stations shallower than 2500 dbar in A12 (one at 1700 dbar), the XBT-inferred transports had to be replaced by the geostrophic estimates for the comparison to be meaningful. Ignoring the shallow stations increases the overestimation to 5.4 Sv, an indication of possible bias of the XBT estimates in this region of numerous seamounts. The occasional presence of Indian Ocean AAIW in the northern ACC, as observed in A12, is another potential cause of positive bias when using the western site 2500 -T 650 relation. Such effect, comparable in magnitude to the bathymetryinduced bias, is expected when anomalous water is present right at the northern end of the ACC.
The proxy method using the 2500 -T 650 relation at 0°E was applied to 14 XBT sections (Fig.3 ) located slightly to the east of the CTD lines of the western site (Fig.1) . The XBT-inferred ACC transports relative to 2500 dbar are 97. 5±5.5 Sv, that is, 8.6 Sv (or ~10%) higher than the 88.9 Sv average from the three Atlantic CTD lines (Table 3) . The sign and magnitude of this difference both suggest that it might be due to the bathymetric and water mass effects discussed above. Roughly assuming a 5 Sv-10 Sv overestimation, and applying the 61% Tr 2500 /Tr bottom ratio, the XBT-inferred ACC transport at 0°E ranges between 143 Sv and 151 Sv. Table 2 gives definitions for the Subantarctic Front (SAF), the Polar Front (PF), and the Southern ACC Front (SACCF). We located these fronts and, in order to estimate their associated transports, we determined their widths visually using the transport meridional distributions.
The ACC fronts south of Africa:
The XBT-inferred front positions (Fig. 3) generally match the traces of Orsi et al. (1995) , the only significant discrepancy being the track of the SAF past the Meteor Rise near 47°S-7°E, which is observed north of the bathymetry in all sections (including the CTD ones). A topographic guidance of the SBdy by the America-Antarctic ridge and the Southwest Indian ridge that limit the Weddell Basin northward is confirmed.
The baroclinic transports of each front and their contributions to the ACC transport are reported in Table 4 . The XBT-inferred frontal contributions are comparable to those obtained from the CTD sections at 0°E, with the exception of the STF one (10% versus 4%). At 30°E, the exceeding of the net transport by the added frontal contributions as defined here (136% for T bottom ) betrays flow reversals visible on the cumulative transport curves at this longitude (Fig.4b) . This situation hinders a definition of the frontal latitudinal bands at 30°E and suggests considering the individual front transport estimates at 30°E cautiously. The 0°E transport curves are more regular (Fig.4a) , with only one reversal on A12 south of the STF, at the location where more saline AAIW was observed. 
ACC transport variations in the Atlantic sector:
Associating the ACC transports of Table 3 at 0°E and 30°E with previous estimates in the Drake Passage (137±8 Sv; Cunningham et al., 2003) , at 35°W (157 Sv; Heywood and King, 2002) , and at 33°E (159 Sv; Read and Pollard, 1993) Water (NADW) in the SAF in the western boundary region. On the basis of isopycnal salinity distributions at deep levels (Arhan et al., 2003) , we suggest that the decrease from 157 Sv at 35°W to 145 Sv at 0°E (Table 3 ) reflects a northward loss of Circumpolar Deep Water (CDW) by the ACC. If correct, this would be a partial compensation to the gain of NADW to the west of 35°W, in the same depth range. The similarity of our T 2500 value (~90 Sv) to the one obtained by Sokolov et al. (2004) in the Drake Passage is another indication that the net increase between the two longitudes takes place at the deep levels. Finally, our 154 Sv estimate at 30°E matches the 159 Sv value at 33°E, and the water mass analysis of read and Pollard (1993) suggests that southward transfer of water across the STF south of the Agulhas retroflection might explain the increase from 0°E to 30°E. Table 1 ): AJAX (plus signs), A12 (squares), A21 (triangles), I6(stars), I6s (circles). Superimposed are the traces of the ACC fronts as given by Orsi et al. (1995) , and schematics of the Weddell gyre and Agulhas Current circulations (only AJAX and A21 were in the data set used by Orsi et al., 1995) . Isobaths 200 m and multiples of 1000 m are shown, with dark (light) shading between 0 and 3000 m (3000 m and 4000 m) (Smith and Sandwell, 1997) . ( 2500 ) versus temperature averaged between 600 and 700 dbar (T 650 ). The curves are 8 th degree polynomials fitted to the stations at 0°E nominal, 30°E, and the totality. red stars) and their traces from Orsi et al. (1995) .
